Introduction
About three quarters of the Canadian landmass is drained by rivers discharging into the Arctic Ocean (including the Bering Strait by the Yukon River) and the North Atlantic Ocean (from Labrador rivers as well as through Hudson Bay and Hudson Strait). This freshwater affects high-latitude oceanic, atmospheric, cryospheric, and biologic processes [e.g., Aagaard and Carmack, 1989] . It also provides a critical natural resource exploited for socioeconomic needs and benefits. With rising demands for freshwater in the twenty-first century, we need to better understand the effects of climate variability and change on river runoff in northern Canada.
In this study, we compile and analyze observational hydrometric data to assess the characteristics and trends in freshwater discharge in 64 rivers of northern Canada over a period of 40 years. We also investigate the possible role of large-scale climate anomalies such as the Arctic Oscillation (AO) [Thompson and Wallace, 1998 ], El Niño/Southern Oscillation (ENSO), the Pacific Decadal Oscillation (PDO) [Mantua et al., 1996] , and the Pacific North American (PNA) [Wallace and Gutzler, 1981] pattern on high-latitude river discharge in Canada. The goals of this study are 1) to assess the recent variability and trend in river discharge in northern Canada and 2) to explore the large-scale teleconnections that are driving the variability and changes in these fluxes. [1968] [1969] [1970] [1971] [1972] . We added the water used to fill these reservoirs to the total annual observed discharge rates to remove this anthropogenic effect in our data. After 1980, the flow of La Grande Rivière is determined using a dataset of monthly discharge rates corrected to remove the artificial control of upstream reservoir levels (R. Roy, unpublished data, 2004) . This dataset of observed river runoff constructed by Hydro-Québec provides the best estimate of the natural flow of La Grande Rivière after the construction of the James Bay hydroelectric complex. However, the regulation of water in other river systems and its contribution to river discharge is not quantified owing to the lack of precise mass flux data.
Data and Methods

Measured
From the time series of annual discharge data, the magnitude of the trends in river discharge are established using the Mann-Kendall test [Mann, 1945; Kendall, 1975] . This non-parametric test has been used in several other studies to detect changing hydrological regimes [e.g., Lettenmaier et al., 1994; Ziegler et al., 2003 ]. The
Kendall-Theil Robust Line forms the linear equation by which the sign and magnitude of the trends are detected [Theil, 1950] . Prior to the application of the Mann-Kendall test, time series of river discharge are "pre-whitened" following the methodology of Yue et al. [2002] to remove the influence of serial correlations on the trend analyses. Only trends with p < 0.05 are considered statistically-significant in this study. To facilitate a regional analysis of the discharge data, the Canadian landmass is divided into 5 separate drainage basins that are identified by the main body of seawater adjacent to the outlets. These 5 regions (from east to west) are: 1) the Labrador Sea, 2) Eastern Hudson Bay (including Ungava Bay), 3) Western Hudson Bay, 4) the Arctic Ocean, and 5) the Bering Strait. The Yukon and Porcupine Rivers are gauged in Canada near the international border and hence do not include the Alaskan contribution to total discharge into Bering Strait. Table 1 lists the total maximum area gauged (≈75% of the total study area) in each of the 5 regional basins. found statistically-significant negative (positive) trends in streamflow for 6 (5) rivers of Canada over the period 1960-1997, without specifying their locations. Spence [2002] discerned no significant trend in the Back and Kazan Rivers (a major tributary of the Chesterfield Inlet Basin) over the period . Although these are generally consistent with our results, differences in the river basins and periods examined may lead to discrepancies in the inferred river discharge trends. Hudson Bay exhibits a significant positive (negative) correlation to ENSO (PDO).
Results
Mean, variability, and trends in river discharge
Teleconnections
The PNA pattern is significantly correlated to river discharge into the Labrador Sea and in Eastern Hudson Bay. Owing to the wide expanse of the study area, there are east-west shifts in the sign of the correlations between river discharge in northern
Canada and large-scale teleconnections. For the system as a whole, there is a significant anticorrelation between the AO and PDO and a significant correlation between ENSO with freshwater discharge from Canadian rivers to high-latitude oceans.
Concluding Discussion
Using the non-parametric Mann-Kendall test, we have detected a statistically- in precipitation is entirely consistent with the observed decline in river discharge in northern Canada and differs from the incompatibility in observed precipitation and runoff trends for the large Siberian watersheds [Berezovskaya et al., 2004] . This suggests that changes in river discharge over northern Canada are driven primarily by precipitation rather than evapotranspiration. Other factors such as changes in permafrost, fires, and anthropogenic disturbances including dams and reservoirs may contribute to longterm trends in pan-Arctic river discharge [McClelland et al., 2004] . In this study, however, we have minimized one of the most important agents by accounting for the filling of artificial reservoirs on the observed river runoff rates. Thus the recent variability and trend in Canadian freshwater discharge to high-latitude oceans is primarily influenced by large-scale teleconnections such as the AO, ENSO, PDO, and, to a lesser degree, the PNA. Recent trends toward more intense, positive (negative) phases of the AO and the PDO (ENSO) have led to reduced precipitation and decreased river discharge over northern Canada.
Apart from its impact on the continental water budget, decreasing freshwater discharge in northern Canada significantly affects the state of the Arctic and North Atlantic Oceans. For instance, Déry et al. [2005] reported a salinization of the Labrador Current in response to declining Hudson Bay Basin river runoff between 1966 and 1994. The proximity of many river outlets in northern Canada to the Labrador Sea combined with ocean currents suggests that recent trends in Canadian river discharge may affect the thermohaline circulation. The Labrador Sea is one of the major areas of deep convection in the North Atlantic [Aagaard and Carmack, 1989] . The strength of the thermohaline circulation is driven by deep water formation in the North Atlantic that is, in turn, strongly influenced by surface salinity and pan-Arctic river discharge.
Simulations with a comprehensive global climate model have been initiated to better understand the role of pan-Arctic river discharge on the global thermohaline circulation. 
